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ABSTRACT
The decay rates for B0 → K+π−, B+ → K0π+, and the charge-conjugate
processes were found to provide information on the weak phase γ ≡ Arg(V ∗ub)
when the ratio r of weak tree and penguin amplitudes was taken from data
on B → ππ or semileptonic B → π decays. We show here that the rates
for Bs → K−π+ and B¯s → K+π− can provide the necessary information on
r, and estimate the statistical accuracy of forthcoming measurements at the
Fermilab Tevatron.
PACS codes: 12.15.Hh, 12.15.Ji, 13.25.Hw, 14.40.Nd
The measurement of phases of the Cabibbo-Kobayashi-Maskawa (CKM) matrix [1]
is a crucial test of our understanding of CP violation. Various aspects of the decays
B → Kπ, in particular, have been shown to provide information on the weak phase
γ ≡ Arg(V ∗ub) [2, 3]. In Ref. [3] we showed that ratios of partial decay rates for charged
and neutral B mesons to Kπ final states yielded γ when supplemented with information
on the ratio r of weak tree and penguin amplitudes. It was necessary to extract r either
from data on B → ππ or from semileptonic B → π decays.
In the present Letter we show that the decays [4] Bs → K−π+ and B¯s → K+π−,
which are related by U-spin to the processes B0 → K+π− and B¯0 → K−π+, respectively,
can provide the necessary information on r. We describe the constraints available by in-
cluding information on these processes, and estimate the statistical power of forthcoming
measurements at the Fermilab Tevatron.
We use the same procedure as Ref. [3], which may be consulted for further details.
However, for convenience, we shall decompose our amplitudes into “tree” and “penguin”
contributions in a somewhat different manner.
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We define the following charge-averaged ratios:
R ≡ Γ(B
0 → K+π−) + Γ(B¯0 → K−π+)
Γ(B+ → K0π+) + Γ(B− → K¯0π−) , (1)
Rs ≡ Γ(Bs → K
−π+) + Γ(B¯s → K+π−)
Γ(B+ → K0π+) + Γ(B− → K¯0π−) , (2)
and CP-violating rate (pseudo-)asymmetries:
A0 ≡ Γ(B
0 → K+π−)− Γ(B¯0 → K−π+)
Γ(B+ → K0π+) + Γ(B− → K¯0π−) , (3)
As ≡ Γ(Bs → K
−π+)− Γ(B¯s → K+π−)
Γ(B+ → K0π+) + Γ(B− → K¯0π−) . (4)
The amplitudes for B → Kπ were expressed in Ref. [3] in terms of “tree” and
“penguin” contributions involving CKM factors V ∗ubVus and V
∗
tbVts, respectively. Using
the unitarity of the CKM matrix, it is more convenient in our case to decompose the
amplitudes into terms containing V ∗ubVus and V
∗
cbVcs. This decomposition is in accordance
with the structure of the ∆B = 1, ∆C = 0, ∆S = −1 effective Hamiltonian [5]
Heff = GF√
2
[
V ∗ubVus
(
2∑
1
ciQ
us
i +
10∑
3
ciQ
s
i
)
+ V ∗cbVcs
(
2∑
1
ciQ
cs
i +
10∑
3
ciQ
s
i
)]
, (5)
where the flavor structure of the various short-distance operators is Qqs1,2 ∼ b¯qq¯s, Qs3,..,6 ∼
b¯s
∑
q¯′q′, Qs7,..,10 ∼ b¯s
∑
eq′ q¯
′q′.
The amplitude of Bs → K−π+ is obtained from the one for B0 → K+π− by a
U-spin transformation, s ↔ d, acting both on the effective Hamiltonian and on the
initial and final hadronic states. The ratios of the corresponding two CKM factors
occuring in these amplitudes are V ∗ubVud/V
∗
ubVus = 1/λ˜ and V
∗
cbVcd/V
∗
cbVcs = −λ˜, where
λ˜ = |Vus/Vud| = |Vcd/Vcs| = tan θc ≃ 0.226.
In a convention where the coefficient of the strangeness-changing penguin amplitude
in B+ → K0π+ is taken to be real and positive, we then have
A(B+ → K0π+) = A(B− → K¯0π−) = P +O(1
2
λ˜2) , (6)
A(B0 → K+π−) = −[P + Tei(δ+γ)] ,
A(B¯0 → K−π+) = −[P + Tei(δ−γ)] , (7)
A(Bs → K−π+) = λ˜P − (1/λ˜)Tei(δ+γ) ,
A(B¯s → K+π−) = λ˜P − (1/λ˜)Tei(δ−γ) , (8)
Here δ is the strong phase difference between the tree and penguin amplitudes. The
O(1
2
λ˜2) term in Eq. (6) is the relative contribution of the V ∗ubVus term in comparison
with the dominant V ∗cbVcs term. The effects of this term could be amplified if rescattering
is important. Various estimates [6] consider this possibility to be unlikely, but it can
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be checked by measuring the CP-violating rate difference between B+ → K0π+ and
B− → K¯0π− or by improving bounds on the charge-averaged rate of the U-spin related
decay B± → K0(K¯0)K±. Also, when using isospin symmetry in Eqs. (6) and (7)
to assume equal penguin amplitudes in B+ and B0 decays, we have neglected color-
suppressed electroweak penguin contributions [7]. Their effects on determining γ were
studied in [3], and ways for controlling these small terms were discussed in [8].
In the above equations we have taken P and T to be real but of indeterminate sign.
Calculations based on the factorization hypothesis or free-quark estimates [3] suggest
T > 0, P < 0, δ ≈ 0. We define the ratio r ≡ T/P . One then expects r < 0, δ ≈ 0
in the factorization limit. Note that this definition differs from the one in [3], since the
present definition of T contains a contribution from the V ∗ubVuq term (q = d, s) in the
penguin amplitude of Ref. [3].
The charge-averaged ratios and charge asymmetries are now given by
R = 1 + r2 + 2r cos δ cos γ , (9)
Rs = λ˜
2 + (r/λ˜)2 − 2r cos δ cos γ , (10)
A0 = −As = −2r sin γ sin δ . (11)
The expressions for R and A0 are those given in Ref. [3], with a sign change in the term
proportional to r corresponding to our different convention for labeling amplitudes. The
expressions for Rs and As provide new information.
Notice that since both Rs and As involve the ratios of strange and nonstrange B
partial widths, their measurement in a hadronic experiment will demand a better es-
timate of the relative production fraction of strange and nonstrange B mesons. (The
CDF detector at the Tevatron has measured this ratio to be fs/(fu+fd) = 0.213±0.068
[9].) One way to accomplish this will be to compare same-sign and opposite-sign lepton
pair production [10].
The equation for Rs provides an opportunity to learn the magnitude of r, related
to a quantity estimated previously [3] with the help of B → ππ or B → πℓνℓ decays.
Adding Eqs. (9) and (10), we find
R +Rs = (1 + λ˜
2)(1 +
r2
λ˜2
) , or |r| = λ˜
[
R +Rs
1 + λ˜2
− 1
]1/2
. (12)
Once |r| is known we can establish a useful bound on γ independent of any possible
CP-violating charge-asymmetry. We write
(R− 1− r2)2 = 4r2 cos2 δ cos2 γ ≤ 4r2 cos2 γ , (13)
implying
| cos γ| ≥ |R− 1− r
2|
2|r| , (14)
or
| sin γ| ≤ [−λ(1, R, r
2)]1/2
2|r| , λ(a, b, c) ≡ a
2 + b2 + c2 − 2ab− 2ac− 2bc . (15)
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The limiting cases of an equality, in which γ is determined up to a twofold ambiguity,
γ → π − γ, correspond to δ = 0 or δ = π. Assuming that the strong phase difference
between T and P is small, as indicated by perturbative QCD arguments [11, 12], mea-
surements of R and Rs already determine γ. Note that we expect r < 0 for a vanishing
final-state phase δ, in which case one has
cos γ =
1 + r2 −R
2|r| . (16)
In case that the strong phase is large, one expects to measure nonzero asymmetries
A0 = −As, which together with R and Rs would determine γ. As quoted previously [3],
by eliminating δ from the equations for R and A0, one finds
R = 1 + r2 ±
√
4r2 cos2 γ − A20 cot2 γ , (17)
which can then be solved for sin2 γ up to a two-fold ambiguity when A0 6= 0.
We have treated the systematic effects associated with theoretical uncertainties in
our method in Ref. [3]. There it was shown that an error on γ of about 10◦ could be
achieved if one obtained an error of about 10% on r (defined in a somewhat different
manner) for the value favored there, r = 0.16. When obtaining r using the measurement
of R and Rs, the statistically limiting measurement is likely to be that of Rs, since the
Bs is expected to be produced less copiously than the B
0, and the tree amplitude T/λ˜
dominating the decay Bs → K−π+ is expected to be smaller than the amplitude P
dominating the decay B0 → K+π−. In one estimate [13, 14], the ratio of produced
Bs → K−π+ : B0 → K+π− events is expected to be 1:8.
As one example, we take R = 1 (the present experimental value is 1.01± 0.30 [15]),
and find that r = 0.16± 0.016 corresponds to Rs = 0.58+0.11−0.10. Thus, one must measure
Rs to about ±18% in order to achieve a 10% measurement of r. This would require
about 30 events of Bs → K−π+ or B¯s → K+π−, whereas a sample of about 2000 to
4000 untagged events, two orders of magnitude larger, is envisioned for Run II at the
Tevatron [13, 14].
It is sufficient to use untagged events since the rapid Bs–B¯s mixing ensures that the
effective production rates for Bs → K−π+ and B¯s → K+π− will be very nearly identical
at each value of rapidity. While this is not so for B0 → K+π− and B¯0 → K−π+,
it is true in proton-antiproton collisions if one averages over rapidity in a symmetric
detector. Otherwise, one must know the individual production rates for B0 and B¯0
before mixing. These can be measured, for example using self-tagging processes such
as B0 → J/ψK∗0 where the CP-violating asymmetry is expected to be small, or with
the help of an assumption of isospin invariance and a corresponding measurement of
B+ and B− production using self-tagging modes with small CP asymmetry such as
B± → J/ψK± [16].
In order to estimate the systematic error associated with our flavor SU(3) approxi-
mation, we adopt the often used assumption of factorized tree and penguin amplitudes.
In this approximation, SU(3) breaking introduces in the ratio A(Bs → K−π+)/A(B0 →
K+π−) a relative factor f1 = FBsK(m
2
π)fπ/FBπ(m
2
K)fK , involving the product of corre-
sponding ratios of form factors and decay constants describing Bs → Kπ and B → Kπ.
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Although B decay form factors to K and π have not yet been measured, their ratio
is expected to be somewhat larger than one; quark model [17] and QCD sum rule [18]
calculations find FBsK(m
2
π)/FBπ(m
2
K) ≃ 1.16. With fK/fπ = 1.22, SU(3) breaking is
expected to introduce a systematic uncertainty of only a few percent, f1 ≃ 0.95.
An actual check of the SU(3) (or U-spin) approximation relies on the asymmetry
prediction As = −A0, or, in fact, on the prediction of equal CP-violating rate differences
in B0 → Kπ and Bs → Kπ. Including SU(3) breaking, one expects
Γ(Bs → K−π+)− Γ(B¯s → K+π−) = −f 21 [Γ(B0 → K+π−)− Γ(B¯0 → K−π+)] . (18)
With 2000 events of Bs → K−π+ or B¯s → K+π−, one should be able to check this
prediction to a fractional accuracy of (2000)−1/2 ≃ 2.2% which seems adequate for a
precise determination of f1. This factor can then be included in the analysis leading
to a determination of γ. Note, however, that a very small strong phase difference δ
may not permit useful asymmetry measurements. (The strong phases in B0 → Kπ and
Bs → Kπ differ in broken SU(3), in spite of the fact that the final states in both decays
are K±π∓. This is similar to the case of Kπ states produced in Cabibbo-favored and
double-Cabibbo-suppressed D decays [19].)
The processes studied here, B0 → K+π− and Bs → K−π+, are related by a spectator
quark transformation, d ↔ s, to another pair of U-spin related processes Bs → K+K−
and B0 → π+π−. The amplitudes of these two pairs of processes are equal, respectively,
in the limit of flavor SU(3) symmetry and neglecting smaller “exchange” and “penguin
annihilation” amplitudes [20]. These contributions are expected to be very small unless
rescattering is important [6]. This can be tested by measuring the rates for B0 → K+K−
or Bs → π+π− which are due solely to exchange and penguin annihilation amplitudes.
Including an SU(3) breaking factor f2 = FBsK(m
2
K)/FBπ(m
2
K) ≈ FBsK(m2π)/FBπ(m2π) ≃
1.16, as expected in the factorization approximation, one has
A(Bs → K+K−) = f2A(B0 → K+π−) ,
A(B0 → π+π−) = f−12 A(Bs → K−π+) . (19)
The rates of these four processes can be used to check the factorization assumption
and to determine the SU(3) breaking factor f2. A study of γ through time-integrated
rates of Bs → K+K−, B0 → π+π− and their charge-conjugates is very similar and
complementary to the one using B0/B¯0 → K±π∓ and Bs/B¯s → K∓π±.
The present proposal for determining γ is also complementary to the method com-
paring time-dependent asymmetry measurements in B0 → π+π− and in Bs → K+K−
[13, 21]. In that method, one measures both an oscillation amplitude and an oscillation
phase for both channels, i.e., four quantities, and thereby extracts four unknowns: the
ratio of tree and penguin amplitudes (equivalent to our r), a strong final-state phase δ
between tree and penguin assumed to be the same for π+π− and K+K−, and two weak
phases β and γ. One must tag the flavor of the neutral mesons at time of production.
We comment briefly on the relation between the two methods. The present method
has the following advantages:
(1) It requires neither time-dependent measurements nor flavor tagging for B0 and
Bs.
5
(2) The kinematic peaks associated with B0 → Kπ and Bs → Kπ are well-separated
from one another and reasonably well separated from those corresponding to B0 → π+π−
and Bs → K+K− (which lie between them and are nearly on top of each other), even
without particle identification [13, 14]. To see this, we note that in the limit of relativistic
pions or kaons, the mass m21 of a ππ, Kπ, or KK¯ system is given by
m12 =
[
m21
(
1 +
p2
p1
)
+m22
(
1 +
p1
p2
)
+ 2p1p2(1− cos θ12)
]1/2
, (20)
where p1 and p2 are laboratory momenta of the two final-state tracks and θ12 is the
laboratory angle between them. If we were to call both tracks pions and neglect m21 and
m22, we would thus estimate
(mest12 )
2 = 2p1p2(1− cos θ12) = m212 −m21
(
1 +
p2
p1
)
+m22
(
1 +
p1
p2
)
. (21)
For the case of symmetric momenta p1 = p2 corresponding to the Jacobian peak of the
distribution, we would thus estimate
mest12 ≃ (m12 − 2m21 − 2m22)1/2 , (22)
or about 45 MeV below the B for B → Kπ, ≃ MB for both B → ππ and Bs → KK¯,
and about 45 MeV above the B for Bs → Kπ.
The CDF Detector at Run II of the Tevatron will have a time-of-flight system for
particle identification, whose capabilities of distinguishing kaons from pions in B decay
will be minimal. It will also make use of dE/dx discrimination. Later-generation detec-
tors, such as LHC-b at CERN and the proposed BTeV detector at Fermilab, will have
better capabilities for particle identification, allowing for cleaner separation of ππ, Kπ,
and KK¯ final states of B and Bs decay.
The method based on B0 → π+π− and Bs → K+K− has the following points in its
favor:
(1) It involves no small corrections from rescattering and color-suppressed elec-
troweak penguin contributions. Also, certain ratios of form factors and decay constants
cancel one another in the factorization limit, since one is only discussing asymmetries.
(2) Although the peaks for B → ππ and Bs → KK¯ lie nearly on top of one another in
the absence of particle identification, the time-dependent CP-violating rate differences in
the two cases can be separated from one another (as long as they both are nonzero) by a
frequency analysis. For the two asymmetries one would still need particle identification
in order to distinguish between the denominators defining B0 and Bs asymmetries.
(3) The analysis also allows for a lifetime difference between CP-even and CP-odd Bs
mass eigenstates [21], which may allow resolution of some discrete ambiguities present
in our scheme [3].
To conclude, we have found that simultaneous measurement of rates for B0 → K+π−,
Bs → K−π+, and their charge-conjugates can provide useful information on the weak
phase γ. This measurement appears feasible at the Fermilab Tevatron and is an ap-
pealing possibility for other facilities envisioning Bs production, such as the HERA-B
6
detector at DESY, the BTeV detector at Fermilab, and the LHC-b detector at CERN.
Effects of SU(3) breaking and rescattering appear to be controllable and to some extent
testable, while electroweak penguin effects are expected to be small enough that a de-
termination of γ to better than 10◦ appears feasible. Our method, which can also be
applied to time-integrated rates of B0 → π+π− and Bs → K+K−, appears complemen-
tary to that [13, 21] based on time-dependent asymmetries in the latter processes, for
which comparable accuracy in γ is expected [13]. Whereas the latter determination of
γ could be affected by new physics contributions to Bs − B¯s mixing [22], our method is
free of such modifications.
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Department of Energy under Contract No. DE-FG02-90-ER40560.
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